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Description 

Background of the Invention 

The present invention relates to packaging films. In particular, the present invention relates to biaxially 
stretched, heat shrinkable films made of copolymers of polyethylene. 

Polyethylene is the name for a polymer whose basic structure is characterized by the chain {CH 2 CH 2 )-„ 
Polyethylene homopolymer is generally described as being a solid which has a partially amorphous phase and 
partially crystalline phase with a density of between 0.91 5 to 0.970 g/cm*. The relative crystallinity of polyethy- 
lene is known to affect its physical properties. The amorphous phase imparts flexibility and high impact strength 
while the crystalline phase imparts a high softening temperature and rigidity. 

Unsubstituted polyethylene is generally referred to as high density homopolymer and has a crystallinity of 
70 to 90 percent with a density between about 0.96 to 0.97 g/cm*. Most commercially utilized polyethylenes 
are not unsubstituted homopolymer but instead have Cj-Cg alkyl groups attached to the basic chain These 
substituted polyethylenes are also known as branched chain polyethylenes. Also, commercially available poly- 
ethylenes frequently include other substituent groups produced by copolymerization. Branching with alkyl 
groups generally reduces crystallinity, density and melting point. The density of polyethylene is recognized as 
being closely connected to the crystallinity. The physical properties of commercially available polyethylenes 
are also affected by average molecular weight and molecular weight distribution, branching length and type of 
substituents. ' 

People skilled in the art generally refer to several broad categories of polymers and copolymers as "poly- 
ethylene." Placement of a particular polymer into one of these categories of "polyethylene" is frequently based 
upon the density of the "polyethylene" and often by additional reference to the process by which it was made 
since the process often determines the degree of branching, crystallinity and density. In general, the nomen- 
clature used is nonspecific to a compound but refers instead to a range of compositions. This range often in- 
cludes both homopolvmers and copolymers. 

For example, "high density" polyethylene (HDPE) is ordinarily used in the art to refer to both (a) homopo- 
lymers of densities between about 0.960 to 0.970 g/cm* and (b) copolymers of ethylene and an alpha-olefin 
(usually 1-butene or 1-hexene) which have densities between 0.940 and 0.958 g/cm* HDPE includes polymers 
made with Ziegler or Phillips type catalysts and is also said to include high molecular weight "polyethylenes " 
In contrast to HDPE, whose polymer chain has some branching, are "ultra high molecular weight polyethylenes" 
which are essentially unbranched specialty polymers having a much higher molecular weight than the high mo- 
lecular weight HDPE. 

Hereinafter, the term "polyethylene" will be used (unless indicated otherwise) to refer to ethylene homo- 
polymers as well as copolymers of ethylene with alpha-olef ins and the term will be used without regard to the 
presence or absence of substituent branch groups. 

Another broad grouping of polyethylene is "high pressure, low density polyethylene" (LDPE) The polyethy- 
lene industry began in the 1 930*s as a result of the discovery of a commercial process for producing LDPE by 
Imperial Chemical Industries. Ltd. researchers. LDPE is used to denominate branched homopolvmers having 
densrt.es between 0.915 and 0.930 g/cm3 as well as copolymers containing polar groups resulting from copo- 
lymerization e.g. with vinyl acetate or ethyl acrylate. LDPEs typically contain long branches off the main chain 
(often termed "backbone") with alkyl substituents of 2 to 8 carbon atoms. 

In the 1970's a new grouping of polyethylene was commercialized - Linear Low Density Polyethylene 
(LLDPE). Only copolymers of ethylene with alpha-olef ins are in this group, LLDPEs are presently recognized 
by those skilled in the art as having densities from 0.915 to .940 g/cm*. The alpha-olefin utilized is usually 1- 
butene, 1-hexene, or 1-octene and Ziegler-type catalysts are usually employed (although Phillips catalysts are 
also used to produce LLDPE having densities at the higher end of the range). 

In the 1980's yet another grouping of polyethylene has come into prominence - Very Low Density Poly- 
ethylene (VLDPE) which is also called "Ultra Low Density Polyethylene" (ULDPE). This grouping like LLDPEs 
comprise only copolymers of ethylene with alpha-olef ins, usually 1-butene. 1-hexene or 1-octene and are rec- 
ognized by those skilled in the art as having a high degree of linearity of structure with short branching rather 
than the long side branches characteristic of LDPE. However. VLDPEs have lower densities than LLDPEs The 
densities of VLDPEs are recognized by those skilled in the art to range between 0.860 and 0.91 5 g/cm*. A proc- 
ess for making VLDPEs is described in European Patent Document publication number 120.503 

Various types of polyethylene resins have long been used to produce films having different properties 
These polyethylenes have been used alone, in blends and with copolymers in both monolayer and multilayer 
films for packaging applications for such food products as poultry, fresh red meat and processed meat In the 
food industry greater use of centralized processing of foods in conjunction with increased handling and long 
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distance transportation have increased the demand for packaging films having superior properties. 

In the poultry and meat segments of the food industry thermoplastic heat shrinkable flexible films are util- 
ized to maintain freshness. Meat is frequently sold fresh, frozen or cooked; therefore? ilms advantageously pro- 
vide protection at various temperatures. Food items such as primal and subprimal cuts of beef, ground beef 
5 and processed meats are known to use coextruded, extrusion coated or laminated films which utilize such com- 
positions as LLDPE, nylon, polyester, copolymer of vinylldene chloride (PVDC), ethylene-vinyl acetate copo- 
lymer (EVA) and ionomers. 

It is generally known that selection of films for packaging food products includes consideration of one or 
more criteria such as puncture resistance, shrinkability, shrink force, cost, sealability, stiffness, strength, print- 
to ability, durability, barrier properties, machinability, optical properties such as haze and gloss, flex-crack resis- 
tance and government approval for contact with food. 

For example, several film materials containing polyethylene have been either used or proposed for pack- 
aging frozen poultry. In general, commercial poultry packaging operations require bags made from materials 
able to withstand the following typical process and transfer steps: 
15 1 . Inserting a bird into a bag fabricated from a shrinkable film; 

2. Evacuating the bag; 

3. Clamping or otherwise sealing the neck of the bag; 

4. Transporting the bird (e.g. by a conveyor belt) to a shrink tunnel; 

5. Shrinking the bag tightly around the bird by exposing the bag to a temperature of about 90-95°C for up 
20 to about six to eight seconds; 

6. Quick freezing and storage of the packaged bird at temperatures as low as -40°C; and 

7. Transporting the packaged bird from the commercial packer to the ultimate user. 

A film useful for frozen poultry packaging will include among its desirable properties the following: 

a) A shrinkage value that yields a reduction in the area of the film at a temperature from 90-95°C that is 
25 sufficient to conform the film to the irregular shape of the bird; 

b) a shrink force at a temperature of 90-95°C is required that is sufficient to pull the wings of the bird in 
tightly toward the body with sufficient residual shrink force to maintain a tight wrap around the bird; and 

c) a puncture resistance sufficient to withstand the packaging operation itself as well as subsequent trans- 
port of the packaged bird. 

30 All the above properties should be provided in a film at a minimum of cost. 

Several polyolef in films have previously been proposed for use as poultry bags. 
U.S. Patent 3,555,604 (Pahlke) discloses that low density polyethylene may be biaxially oriented to produce 
a film which is useful for packaging foodstuffs such as turkey. 

Multilayer biaxially oriented films have been proposed for poultry bags such as those described in U.S. 
35 Patent 3,900,635 (Funderburk, Jr. et al) wherein a first layer comprises an ethylene homopolymer or copolymer 
and a second layer comprises a blend of an ionomer and a second ethylene homopolymer or copolymer. 

Also, various blends of different polyethylene resins have been reported. For example, blends of LLDPE 
with LLDPE or LDPE have been reported in the article by Utracki et al, "Linear Low Density Polyethylene and 
Their Blends: Part 4 Shear Flow of LLDPE Blends with LLDPE and LDPE", Polymer Engineering and Science , 
40 Vol. 27, No. 20, pp 1512-1522 (mid- November, 1987). In its introduction, the above article states that ... "at 
least 60% of LLDPE is sold in blends with polyolef ins or EVA (ethylene-vinyl acetate copolymers) (cite omitted). 
Amelioration of properties (e.g., puncture resistance), lowering of material cost or improvement of processabil- 
ity are the main reasons". The article goes on to discuss data relating to blends of a LLDPE made from a co- 
polymer of polyethylene with 1-butene with (a) a LLDPE made from a copolymer of polyethylene and 1-hexene, 
45 and (b) a LDPE. 

Various VLDPEs have been suggested for use as suitable resins for making a shrinkable multilayer or single 
layer film for food packaging. 

U.S. Patent 4,640,856 (Ferguson et al) discloses heat shrinkable multilayer films containing VLDPE which 
are useful in packaging meat, poultry and dairy products. Ferguson, et al in describing their thermoplastic poly- 
50 meric layer also state that "in certain applications blends of VLDPE, LLDPE and/or EVA may be used to achieve 
desired properties". 

Other patents have disclosed use of VLDPE resins in film including U.S. Patents 4,671,987; 4,720,427; 
and 4,726,997. 

Various ethylene based terpolymer resins having densities below .915 have been previously described. For 
55 example, EP Patent Application Publication No. 144 716 (Carrick et al) discloses a process where "ethylene 
is copolymerized with one or more comonomers which comprise 1 -olefins having between 3 and 8 carbon 
atoms in their main carbon chains. The 1-olef in comonomers may be substituted or unsubstituted. Olefins such 
as propylene, 1-butene, 1-hexene, 1-octene and substituted comonomers such as 4-methyl-1-pentene-1 are 
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preferred." Copolymers are said to be formed having "densities generally in the range of less than about 0.87 
g/cm 3 to about 0.94 g/cm 3 ." Although broadly suggesting a process for copolymerizing ethylene with one or 
more monomers, Carrick et al does not have any specific examples of copolymers made with more than two 
monomer components. Also, Carrick et al is silent regarding any utility of the materials disclosed therein for 

5 making heat shrinkable films, for example, for packaging. 

The concept of using copolymer resins having more than two monomers to form heat sealable films has 
been broadly disclosed, for example, in European Patent Application Publication number 247,897 (Bossaert 
et al). Bossaert et al disclose films which are preferably based on propylene which are heat shrinkable, and 
may be biaxially oriented. These films are described as being useful for packaging. Bossaert et al are silent 

10 regarding any puncture or shrinkage properties of their film and do not have any specific examples of copoly- 
mers made with more than two monomer components. 

Heat shrinkable films comprising propylene-ethyfene-alpha-olef in terpolymer are also known as shown by 
Japanese Patent Application Publication Number 45306/1988 (Isaka et al). Isaka et al disclose a propylene- 
ethyiene-alpha-olef in terpolymer heat-shrinkable film. This terpolymerf ilm is described as containing less than 

15 ten weight percent ethylene. 

Also, various government regulatory approvals for various terpolymers for use in contact with food have 
been or are being sought for such terpolymers as ethylene-octene-butene terpolymer, ethylene-octene-hexene 
terpolymer (See e.g. Fed. Reg. 23798 June 24, 1988) or ethyl ene-hexene-butene terpolymer (See 21 CFR 
177.1520). 

20 None of the foregoing publications have disclosed biaxially stretched, heat shrinkable films made from a 

very low density polyethylene terpolymer of ethylene, 1-butene, and a C 6 -C 8 alpha-olef in, or ethylene, 1-hex- 
ene and either a C 6 -C 8 alpha olefin. Also, presently known films used as poultry bags continue to suffer from 
insufficient puncture resistance, and/or shrinkability. 

Puncture resistance is a useful property of packaging films in general and an important property of food 

25 packaging films. Puncture resistance is very important for films used in forming bags for poultry. These poultry 
bags must have a high puncture resistance in order to withstand packaging operations and transport as well 
as retail customer inspection and handling. Punctured poultry bags not only expose the contained birds to spoil- 
age agents, but also allows leakage of liquid from within the bag. This leakage is highly undesirable to grocery 
shoppers and retailers. In retail poultry displays, leaked liquid often is transferred to adjacent products making 

30 displays and selection messy. A shopper who places a punctured bag into a grocery cart may cause moisture 
damage to paper products or packaging. In addition, concern about possible salmonella or other bacterial con- 
tamination via contact with leaked poultry liquid increases the desirability of puncture resistant poultry pack- 
aging. 

Punctured and leaking bags are still very much a problem in poultry packaging. Recently, very low density 
35 polyethylene (VLDPE) resins have been utilized in making shrinkable packaging films including films for food 
contact packaging. 

One type of commercially available VLDPE is a copolymer of ethylene and 1-butene sold by Union Carbide 
Corporation under the brand designation DFDA 1137, Natural 7. Disadvantageously, this resin has been found 
to have low puncture resistance in packaging operations. In particular, where packaging films are exposed to 

40 elevated temperatures in a film shrinking step of a packaging operation, puncture resistance is undesirably low. 
Another type commercially available VLDPE is a copolymer of ethylene and 1-octene sold by Dow Chem- 
ical Company under the brand designation Attane 4001. While this film has improved puncture properties rel- 
ative to DFDA 1137, it has undesirably low shrinkage value. 

An experimental VLDPE that is a copolymer of ethylene and 1-hexene was obtained from Union Carbide 

45 Corporation under the experimental brand designation DEFD 1 569. In one experiment disclosed in the present 
application, heat shrinkable, biaxially oriented films were made under similar conditions. Af ilm made from this 
experimental ethylene, 1-hexene VLDPE when compared to a film made from DFDA 1137, had a similar dy- 
namic puncture resistance, greater hot water puncture resistance and undesirably low shrinkage values. 
Advantageously, a biaxially stretched, heat shrinkable film of the present invention may have both high dy- 

50 namic puncture resistance relative to similarly formed films made from commercially available 1-butene based 
VLDPE resins and experimental 1-hexene based VLDPE resins as well as high shrinkage values relative to 
similarly formed films made from commercially available 1-octene based VLDPE resins and experimental 1- 
hexene based VLDPE resins. An inventive film has also been found to have a high puncture resistance at ele- 
vated temperatures (hot water puncture resistance) relative to a similarly formed 1-butene based VLDPE film. 

55 Although the broad concept of making ethylene-alpha olefin terpolymer resins has been previously dis- 

closed in the art, heat shrinkable, biaxially stretched films of the specific terpolymers according to the present 
invention have notbeen taught in the prior art. Previously, where specific terpolymers have been disclosed in 
any detail, most often propylene and/or a diene has been one of the terpolymer comonomers. These known 
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terpolymer resins are generally synthetic elastomers having properties similar to rubber, which makes these 
materials generally undesirable for use as the principal component of the packaging film. These elastomeric 
resins typically have very low crystallinity to the point of being amorphous with no definite crystalline melting 
point unlike the resins utilized in the present invention. Moreover, the utility and properties of biaxially stretched, 
5 heat shrinkable, flexible films comprising the specific ethylene, CVC 8 alpha-olef in, and 1-butene or 1-hexene 
terpolymers according to the present invention have not been previously disclosed. These previously unknown, 
useful and surprising properties of these novel films are now disclosed below for the first time in the present 
specification. 

w Summary of the Invention 

According to the present invention a novel biaxially stretched, heat shrinkable film comprising a terpolymer 
of monomers (a), (b) and (c), wherein monomer (a) comprises ethylene, monomer (b) comprises a C 6 -C a alpha- 
olef in such as 4-methyl-1-pentene, 1-hexene or 1-octene and monomer (c) comprises 1-butene or 1-hexene, 

15 having a terpolymer density less than 0.915 g/cm 3 is provided. Advantageously, certain properties and com- 
binations of properties of the biaxially stretched film of the invention are superior to films made of copolymers 
of ethylene and the other terpolymer monomer components alone e.g. either 1-butene or 1-hexene or the C 6 - 
C 8 alpha-olef in utilized. In particular, the inventive heat shrinkable terpolymer films exhibit a desirable com- 
bination of high shrinkage values and high dynamic and hot water puncture resistance which are advantageous 

20 for producing packaging bags e.g. for poultry, fresh red meat and processed foods such as processed meat 
and cheese. 

Detailed Description of the Invention 

25 Very Low Density Polyethylenes (VLDPEs) are copolymers of ethylene and one or more alpha-olefins 
(such as propylene, 1-butene, 1-hexene or 1-octene) which have densities between 0.915 and 0.860 g/cm 3 . 
The terpolymers of the present invention are VLDPEs which may be made by solution processes or fluidized 
bed processes. European Patent Application 84 1 03441 .6 having publication number 1 20503 describes a suit- 
able method for preparation of low density, low modulus ethylene copolymers utilizing a fluidized bed. These 

30 ethylene copolymers are described as having a density of less than 0.915 g/cm 3 and a 1% secant modulus of 
less than 140,000 kPa and this process and resulting terpolymer resins which may be made by this process 
are believed to be suitable for the films of the present invention. The well known fluidized bed process such 
as the Unipol (Trademark of Union Carbide Corporation) process and reactor may without undue experimen- 
tation be adapted to produce suitable terpolymers of the present invention. 

35 Catalyst selection is recognized by those of ordinary skill in the art to be an important variable parameter 

for modifying terpolymer polymerization and resultant properties. Various catalysts are known in the art as use- 
ful for modifying VLDPE polymer formulation. Examples of various catalysts known to be useful in making very 
low density polyethylene, include titanium, magnesium or vanadium containing compositions which are known 
in the art of polyethylene resin manufacture. Suitable catalysts include those disclosed in European Patent Pub- 

40 lication No. 120,503 and U.S. Patent No. 4,508,842. It is believed that catalyst selection as well as other vari- 
ables may be changed or modified by those of ordinary skill in the art to arrive at suitable and preferred 
terpolymer resins useful in the present invention without undue experimentation. 

Various VLDPEs are manufactured by and also available on either a commercial or experimental basis from 
Dow Chemical Company of Midland, Michigan U.S.A. and Union Carbide Corporation of Danbury, Connecticut, 

45 U.S.A.. 

Suitable VLDPE terpolymers useful in the present invention are made from copolymerization of ethylene 
with either 1-butene or 1-hexene, and at least one C 6 -C 8 alpha-olef in. Suitable C 6 -C 8 alpha-olefins include: 4- 
methyl-1-pentene; 1-hexene, and 1-octene. A prefer red terpolymer comprises a VLDPE copolymer of ethylene, 
1-butene and 1-hexene (hereinafter termed C 2 C 4 C 6 VLDPE terpolymer). 

so VLDPE terpolymers of ethylene with either 1-butene or 1-hexene and a C 6 -C 8 alpha-olef in according to 
the present invention have a density of less than about 0.91 5 g/cm 3 as measured by ASTM Standard Test Meth- 
od D 1505. Suitable terpolymers include those having a density between about 0.915 and 0.860 grn/cm 3 with 
those having a density ranging from .901 to .905 g/cm 3 being preferred and those having a density of about .905 
g/cm 3 being especially preferred. Advantageously, the melt index (as measured by ASTM D-1238, Condition 

55 E) of the above terpolymers will be less than 2.0 dg/min with a melt index of 0.1 to 1.0 dg/min preferred, and 
a melt index of 0.1 to 0.3 dg/min. especially preferred as measured by ASTM Test Method 1238. It is believed 
that biaxially stretched film properties improve with decreasing melt index. 

Suitable terpolymer resins for making biaxially stretched films of the present invention may have a melt 
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flow ratio (Ratio of: Flow Index as measured by ASTM D-1 238, Condition F to Melt Index as measured by ASTM 
D-1238, Condition E) ranging from below 35 to 100 or more. Preferred resins have a melt flow ratio (MFR) of 
at least 60 with an MFR of at least 100 being especially preferred and an MFR of at least 110 being most pre- 
ferred. Processability of the inventive terpolymerfilm is greatly enhanced by use of the higher MFR terpolymer 

5 resins. Also, good film properties are exhibited with VLDPE terpolymer resins having melt flow ratios in excess 
of 60 with very good properties and processability evident in resins having an MFR greater than 110. 

Suitable terpolymer resins employed in making the biaxially oriented films of the present invention may 
have a molecular weight distribution which ranges from narrow to broad. However, a VLDPE terpolymer resin 
having a broad molecular weight distribution is preferred. Resins_with_a broad molecular weight distribution 

10 greater than 10 as measured by ASTM D 3593 are preferred with a MJM n greater than 12 especially preferred. 
It is believed that terpolymer resins having a broad molecular weight distribution have improved processability 
via a tubular extrusion double bubble system such as that described in U.S. Patent 3,456,044 (Pahlke). It is 
further believed that biaxially stretched terpolymer very low density polyethylene films of the present invention 
such as C 2 C 4 C 8 VLDPE terpolymer which are made from broad molecular weight distribution resins have sur- 
fs prisingly good properties including puncture resistance relative to similar films made from narrow molecular 
weight distribution terpolymer resins. A biaxially stretched film of the invention having a W\JM n of about 12.5 
has been found to have excellent film properties including puncture resistance and shrinkage value. 

Suitable terpolymer resins according to the invention will be made by polymerization of three essential com- 
ponents. These three components comprise monomers (a), (b) and (c) wherein monomer (a) comprises ethy- 

20 lene, monomer (b) comprises a C 6 -C 8 alpha-olefin, and monomer (c) comprises either 1-butene or 1-hexene. 
When monomer (c) comprises 1-hexene, then monomer (b) must comprise a C 6 -C 8 alpha olefin other than 1- 
hexene. Terpolymers of the present invention will preferably have at least one percent by weight of polymer 
units derived from monomer (b). 

The C 6 -C 8 alpha-olefin comprises any Ce-C 8 alpha-olefin having a single double bond such as 4-methyl- 

25 1-pentene, 1-hexene and 1-octene. Alpha-olefins containing more than one double bond are believed to form 
rubber like compositions whose rubber like properties are undesirable in the present invention and are not em- 
ployed as the necessary third component of the terpolymer, although the alpha-olefins having two or more dou- 
ble bonds may be added in small amounts as may many other materials as a minor fourth component or may 
be blended in with the terpolymer resins as a modifier. A preferred resin for forming a film according to the 

30 present invention comprises a VLDPE terpolymer of ethylene, 1 -butene and 1-hexene. Also, suitable terpoly- 
mer resins may contain other components including processing aids, catalyst residues, and/or property enhanc- 
ing additives. These suitable terpolymer resins may also be blended with one or more additional polymers or 
copolymers such as VLDPE, LDPE, HDPE, LLDPE, polypropylene, polyester, nylon, PVDC, EVAand ionomers. 
Beneficially, the VLDPE terpolymer resins of the present invention will be copolymerized by adding either 

35 1-butene monomer or 1-hexene monomer and a C 6 -C 8 alpha-olefin monomer such as 1-hexene or 1-octene 
monomer to an ethylene monomer under polymerization conditions such that the resultant very low density 
polyethylene terpolymer resin having a density less than 0.915 g/cm 3 will comprise at least 80 weight percent 
of its polymer units derived from ethylene and preferably at least 85 weight percent polymer units derived from 
ethylene. As the amount of the ethylene monomer component decreases, there is a tendency towards less crys- 

40 talline materials which are increasingly elastomeric. Materials which are exceedingly elastomeric present one 
or more problems for food package applications such as difficulty in controlling orientation to a set T.D. width, 
too soft to handle easily; weak puncture strength at elevated temperatures or in hot water; or excessive n-hex- 
ane extractables which are undesirable in food packaging. 

Films of the present invention may also be further distinguished from undesirably rubber-like or elastomeric 

45 materials by melting point, Vicat softening point, and/or 1% secant modulus. Many synthetic rubbers lack a 
crystalline melting point. Terpolymer resins utilized in the present invention have a crystalline melting point 
which may be determined by differential scanning calorimetry (DSC) according to a method similar to ASTM 
D-341 8 using a 5°C per minute heating rate and a DuPont 9000 brand differential scanning calorimeter. Suitable 
resins may be differentiated from undesirably elastomeric materials by measurement of the crystalline melting 

so point of suitable resins. This melting point is generally greater than about 110°C. Terpolymer resins having a 
melting point greater than about 125°C are disadvantageously and decreasingly (with higher temperatures) dif- 
ficult to process into biaxially stretched food packaging films. VLDPE terpolymer resins useful in the present 
invention have a melting point which is preferably between 115°C and 125°C. 

The Vicat softening point may also be used to further define the present inventions. Films of the present 

55 invention utilize VLDPE terpolymer resins which generally have a Vicat softening point greater than about 60°C 
and preferably greater than 80°C. Materials having lower Vicat softening points are elastomeric rubber-like 
compositions which are disadvantageously difficult to dimensionally control during biaxial stretching. 

Suitable VLDPE terpolymer containing films according to the present invention will beneficially have a 1 % 
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secant modulus at least about 10,000 p.s.l. (69 MPa). Films with lower values tend to be too soft for proper 
handling as food packaging films for use In e.g. poultry bags. Advantageously, food packaging films of the pres- 
ent invention will have a 1% secant modulus between about 10,000 to 40,000 p.s.i. (69-280 MPa); this range 
of softness provides a desirable degree of softness for ease of handling during both film manufacturing and 

5 food packaging operations. 

Suitable resins include those in which the ratio of C 6 -C 8 alpha-olef in to 1-butene or 1-hexene ranges from 
less than 1:1 to more than 3:1. Preferred terpolymer resins and films of the present invention having about a 
3:1 ratio of polymer units derived from <VC 8 alpha-olefin to polymer units derived from 1-butene have been 
found to have a desired degree of crystallinity as reflected in such properties as melting point, 1 % secant mod- 

10 ulus and Vicat softening point as well as a desirable balance of film properties including high shrinkage values, 
dynamic puncture resistance and hot water puncture resistance. An especially preferred biaxially stretched, 
heat shrinkable film of the present invention will have at least 85 weight percent polymer units derived from 
ethylene and a ratio of polymer units derived from C 6 -C 8 alpha-olefin (1-hexene preferably) to polymer units 
derived from 1-butene of about 3:1. 

15 Advantageously, a preferred embodiment of the inventive heat shrinkable film will have a maximum ex- 
tractable portion of 5.5 percent by weight of polymer in n-hexane at 50°C for 2 hours as further described below. 
This 5.5 weight percent is the n-hexane extractactable limit for olefin copolymers of the type employed by the 
present invention for use in articles that contact food except for articles used for packing or holding food during 
cooking. Beneficially, the maximum extractable portion as described above will be 2.6 percent in an especially 

20 preferred embodiment of the inventive film thereby qualifying the film for use in articles used in packing or hold- 
ing food during cooking. The above maximum extractable limits correspond to current limits for a class of resins 
intended for use in contact with food as set forth and described by the U.S. Food & Drug Administration in 21 
CFR 177.1520. 

Suitable ethylene, 1-hexene, 1-butene VLDPE terpolymer resins for making the biaxially stretched heat 

25 shrinkable films of the present invention have been produced by Union Carbide Corporation. It is believed that 
in view of the present disclosure, those of ordinary skill in the art of making VLDPE resins may manufacture 
suitable terpolymer resins via known processes without undue experimentation. 

As generally recognized in the art, resin properties may be further modified by blending two or more resins 
together and it is contemplated that the terpolymer resins described above may be blended with other resins 

30 such as other VLDPEs, LLDPE, LDPE, HDPE, ionomers, polypropylene or EVA. These resins and others may 
be mixed by well known methods using commercially available tumblers, mixers or blenders. Also, if desired, 
well known additives such as processing aids, slip agents, antiblocking agents, pigments, and mixtures thereof 
may be incorporated into the film. 

In a preferred process for making films of the present invention, the resins and any additives are introduced 

35 to an extruder (generally one extruder per layer) where the resins are melt plastif ied by heating and then trans- 
ferred to an extrusion (or coextrusion) die for formation into a tube. Extruder and die temperatures will generally 
depend upon the particular resin or resin containing mixtures being processed and suitable temperature ranges 
for commercially available resins are generally known in the art, or are provided in technical bulletins made 
available by resin manufacturers. Processing temperatures may vary depending upon other process parame- 

40 ters chosen. For example, according to the present invention, in extrusion of the VLDPE terpolymers such as 
C2C 4 C 6 VLDPE terpolymers, barrel and die temperatures may range between about 165°C and 180°C. How- 
ever, variations are expected which may depend upon such factors as variation of terpolymer composition, use 
of other resins e.g. by blending or in separate layers in a multilayer film, the manufacturing process used and 
particular equipment and other process parameters utilized. Actual process parameters including process tem- 

45 peratures are expected to be set by one skilled in the art without undue experimentation. 

In a preferred extrusion double bubble process of the type described in U.S. Patent 3,456,044 the primary 
tube leaving the die is inflated by admission of air, cooled, collapsed, and then preferably oriented by reinflating 
to form a secondary bubble with reheating to the film's orientation (draw) temperature range. Machine direction 
(M.D.) orientation is produced by pulling or drawing the film tube e.g. by utilizing a pair of rollers travelling at 

so different speeds and transverse direction (T.D.) orientation is obtained by radial bubble expansion. The oriented 
film is set by rapid cooling. Suitable machine direction and transverse direction stretch ratios are from about 
3:1 to about 5:1 with a ratio of about 4:1 preferred. 

Advantageously, thermoplastic biaxially stretched terpolymer films of the present invention exhibit one or 
more of the following properties: 

55 (i) Adynamic puncture resistance greater than that for similarly made films comprising a copolymer of ethy- 

lene and a Ce-C 8 alpha-olefin without 1-butene. 

(ii) A hot water puncture value of at least 20 seconds, preferably at least 60 seconds, and most preferably 
at least 120 seconds. 
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(Hi) A shrinkage value of at least about 15 percent in at least one direction, (preferably at least 20 percent 
in the machine direction) and desirably at least about 20 percent (preferably at least 25 percent and most 
preferably at least 30 percent) in the transverse direction. 
The following physical properties are used to describe the present film and are measured in the described man- 
5 ner. 

Dynamic Puncture Resistance 

The dynamic puncture resistance procedure is used to compare films for their resistance to bone puncture. 

10 It measures the energy required to puncture a test sample with a sharp pyramidal metal point made to simulate 
a sharp bone end. A Dynamic Ball Burst Tester, Model No. 13-8, available from Testing Machines, Inc., Amity- 
ville, Long Island, New York, is used, and a modified tip is installed on the tester probe arm for use in this test 
procedure. The modified tip is constructed from a 3/8 inch (.95 cm) diameter conical tip having a configuration 
of a right circular cone with the angle between the cone axis and an element of the conical surface at the vertex 

15 being about 65°. Three equally spaced and abutting planar surfaces are machined to a smooth finish on the 
cone surface to form a pyramidal shaped point. At least six test specimens approximately 4 inches (10 cm) 
square are prepared, a sample is placed in the sample holder, and the pendulum is released. The puncture 
energy reading is recorded. The test is repeated until at least 6 samples have been evaluated. The results are 
calculated in cm-kg per mil of film thickness and are averaged. 

20 

Hot Water Puncture 

Hot water puncture values for monolayer films are obtained by performing a hot water puncture test as 
follows. Water is heated to 98 ± 1°C. A 3/8 inch (.95 cm) diameter round wooden dowel is sharpened on one 
25 end to a conical point. This sharpened point has the configuration of a right circular cone, and the angle between 
the cone axis and an element of the conical surface at the vertex is about 60°. This sharp point is then rounded 
to a spherical tip of about 1/16 inch (.16 cm) diameter. The wooden dowel is fastened to a seven inch (17.8 
cm) long wooden block so that the rounded point projects 1-1/2 inches (3.8 cm) beyond the end of the wooden 
block. 

30 A specimen about 3 inches (7.6 cm) wide in the machine direction (MD) and about eighteen inches (45.7 

cm) long is cut from the test sample material. One end of the specimen is placed on the end of the wooden 
block opposite the pointed dowel. The specimen is wrapped around the end of the sharpened dowel and back 
to the wooden block on the opposite side, where it is secured. The film thickness in the area of contact with 
the sharpened dowel is measured in order to assure that the film specimen thickness is truly representative 

35 of the given test sample material. 

The specimen and pointed dowel are quickly immersed five inches into the hot water and a timer is started. 
The timer is stopped when the wooden dowel point punctures the film specimen. The test procedure is repeated 
five more times with new 3 inch (7.6 cm) wide MD specimens from the given test sample material. The time 
required for penetration is recorded and then averaged for the six MD specimens. Resistance to puncture times 

40 of below 6-7 seconds are generally considered unacceptable, while times of 20 seconds or more are good, 60 
seconds or more are very good and 120 seconds or more are excellent. 

For multilayer films, the above procedure is followed except a similarly shaped stainless steel metal probe 
having an angle of 37° is substituted for the wood dowel and the water is heated to 95 +/- 1°C. 

The multilayer hot water puncture test has been found to be more severe than the monolayer test and re- 

45 sistance to puncture of six seconds or more is considered to be exceptionally good. 

Shrinkage 

The biaxially stretched films of the present invention are heat shrinkable. Biaxially stretched films are "heat 
so shrinkable" as that term is used herein, if the film has an unrestrained shrinkage of at least 5 percent in two 
directions. 

Shrinkage values are obtained by measuring unrestrained shrink of the stretched film at 90°C for five sec- 
onds. Four test specimens are cut from a given sample of the oriented film to be tested. The specimens are 
cut to 10 cm. in the machine direction by 10 cm. in the transverse direction. Each specimen is completely im- 
55 mersed for 5 seconds in a 90°C water bath. The distance between the ends of the shrunken specimen is meas- 
ured. The difference in the measured distance for the shrunken specimen and the original 10 cm. is multiplied 
by ten to obtain the percent of shrinkage for the specimen. The shrinkage for the four specimens is averaged 
for the MD shrinkage values of the given film sample, and the shrinkage for the four specimens is averaged 
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for the TD shrinkage value. 
Shrink Force 

5 The shrink force of a film is that force or stress required to prevent shrinkage of the film and was determined 

from film samples taken from each film. Four film samples were cut 1" (2.54 cm) wide by 7" (17.8 cm) long in 
the machine direction and 1" (2.54 cm) wide by 7" (17.8 cm) long in the transverse direction. The average thick- 
ness of the film samples was determined and recorded and a strip chart recorder was calibrated at 0 gram 
and at 1,000 grams full scale load. Each film sample was then secured between two clamps spaced 10 cm 

10 apart. One clamp is in a fixed position and the other is connected to a strain gauge transducer. The secured 
film sample and clamps were then immersed in a silicone oil bath maintained at a constant, elevated temper- 
ature for a period of five seconds. During this time, the force in grams at the elevated temperature was read 
from the strip chart and this reading was recorded. At the end of this time, the film sample was removed from 
the bath and allowed to cool to room temperature whereupon the force in grams at room temperature was also 

is read from the strip chart and recorded. The shrink force for the film sample was then determined from the fol- 
lowing equation wherein the result is obtained in grams per mil of film thickness (g/mil): 

Shrink Force (g/mil) = ^ 

wherein F is the force in grams and T is the average thickness of the film samples in mils. 

20 The following are examples and comparative examples given to illustrate the present invention. 

In all the following examples, unless otherwise indicated herein the film compositions were produced gen- 
erally utilizing the apparatus and method described in U.S. Patent No. 3,456,044 (Pahlke) which describes an 
extrusion type of double bubble method and in further accordance with the detailed description above. In ail 
the examples below, unless otherwise noted, the extruded primary tube was biaxially oriented following the 

25 Pahlke method and wound on a reel. Those skilled in the art of manufacturing biaxially oriented films know of 
different and various processes for such manufacture and the present inventive films include biaxially oriented 
or stretched films regardless of the method used for their production. All percentages are by weight unless in- 
dicated otherwise. 

Unless otherwise noted, the physical properties reported in the examples below were measured by either 
30 the test procedures described above or tests similar to the following methods. 

Average Gauge: ASTM D-2103 

Tensile Strength: ASTM D-882, method A 

Secant Modulus: ASTM D-882, method A 

Percent Elongation: ASTM D-882, method A 
35 Molecular Weight Distribution: ASTM D-3593 

Gloss: ASTM D-2457, 45° Angle 

Haze: ASTM D-1003-52 

Melt Index: ASTM D-1238, Condition E 

Melt Flow Index: ASTM D-1238, Condition F 
40 Melting Point; ASTM D-3418, DSC with 5°C/min. heating rate. . 

Vicat Softening Point: ASTM D-1 525-82 
All ASTM test methods noted herein are incorporated by reference into this disclosure. 

Example 1 

45 

In example 1 a biaxially stretched, heat shrinkable film of the present invention was made and physical 
properties of the film tested. This film was made from an experimental resin supplied by Union Carbide Cor- 
poration comprising a VLDPE terpolymer of ethylene, 1-butene, and 1-hexene having a density less than 0.915 
g/cm 3 . The as-received resin had a reported density of 0.905 g/cm 3 , a melt index of 0.22 g/1 0 min., and a melt 

50 flow ratio (MFR) of 112. The melt flow ratio is the ratio of the melt flow index to the melt index. This most pre- 
ferred VLDPE terpolymer resin had a broad molecular weight distribution which is reportedly 12.45. Molecular 
weight distribution may be measured by known methods e.g. size exclusion chromotography. This terpolymer 
resin is believed to have been made from at least 85 weight percent ethylene monomer and an approximately 
3:1 ratio of 1-hexene to 1-butene monomer. The Vicat softening point of this resin was reported at 82.5°C. The 

55 melting point was measured at 121 °C by DSC. 

This terpolymer resin was uniformly mixed with 4.4 weight percent of a processing aid comprising a 1.7% 
f luorocarbon elastomer in a LLDPE base sold by Quantum Chemical Corporation under the brand name Nor- 
tech CM-1 607, and 5 weight percent of a color concentrate and placed in a hopper attached to a standard single 
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screw extruder equipped with a standard 1 1/2 inch (3.81 cm) diameter annular die. 

The resin mixture was fed from the hopper into the extruder and was heat plastif ied and extruded into a 
primary tube. The extruder barrel and die temperature were set at about 350°F (177°C) and 370°F (188°C) 
respectively. The melt temperature was measured at about 160°C at the extruder head and the melt pressure 

5 was about 5200 p.s.i. (36 MPa) as measured at the screw tip. 

This primary tube was then biaxially stretched according to a double bubble process and the resultant biax- 
ially stretched film wound on a reel. The machine direction (M.D.) orientation ratio was about 3.6: 1 and the trans- 
verse direction (T.D.) orientation ratio was about 4:1. Draw point temperature, bubble cooling rates and 
orientation ratio were adjusted to maximize bubble stability. 

10 The film produced in Example 1 processed well with no noticable gels or melt fracture. The film had an 
average gauge of 2.50 mils (64 microns). The M.D./T.D. tensile strength at room temperature was measured 
at about 9,300/10,100 p.s.i. (64/70 MPa), respectively, indicating good film strength relative to present com- 
mercial films such as those comprised of ethylene vinyl acetate (EVA) which generally have an M.D./T.D. tensile 
strength of about 9,000/10,000 p.s.i. (62/69 MPa). The elongation at break at room temperature was measured 

15 to be about 225% in the machine direction and 21 0% in the transverse direction. The 1 % secant modulus was 
measured at about 17,400 p.s.i. (120 MPa) in the machine direction and 19,400 p.s.i. (134 MPa) in the trans- 
verse direction indicating good film handling characteristics e.g. in the gathering and closing an open end of a 
poultry bag. This film had excellent shrink characteristics with M.D/r.D. shrinkage values of 27/35 percent. 
Also, there was good high temperature (measured at 90°C) M.D./T.D. shrink force of 105/165 g/mil (41/65 

20 kg/cm) and residual shrink force at room temperature of 65/1 00 g/mil (26/39 kg/cm) generally equivalent to pre- 
sently commercialized poultry bags made from EVA. The puncture resistance properties were also examined. 
The 2.2 cmkg/mil (87 cmkg/cm) (.09 cmkg/micron) dynamic puncture resistance was very good and the hot 
water puncture time at 98°C of over 1 20 seconds for an average sample film gauge of 2.69 mils (68.3 microns) 
was excellent for poultry bag applications. 

25 The physical properties of the above biaxially oriented, heat shrinkable thermoplastic flexible film were all 
very good for film packaging applications with very desirable levels of shrinkability and puncture resistance. 
In particular, this film of the invention showed a unique and surprising combination of desirable puncture re- 
sistance properties with high shrinkage values. Individual film properties were as good or better than films used 
in commercially available poultry bags. The unique combination of excellent high shrinkage values with excel- 

30 lent hot water puncture resistance times and very good dynamic puncture resistance is previously unknown. 

Examples 2-4 

In examples 2-4 a series of monolayer films were made from different very low density polyethylene 

35 (VLDPE) resins. Several physical properties of these films were measured and are presented in Table 1. Ex- 
amples 2-3 are comparative (not of the invention), while example 4 is a film according to the present invention. 
Example 1 as described above is included in the table as representative of an inventive film having a broad 
molecular weight distribution in contrast to the comparative examples (not of the invention) 2 and 3 and example 
4 (a film of the present invention) all of which have a narrow molecular weight distribution. Since some process 

40 conditions such as orientation ratio varied between example 1 and the remaining examples in Table 1 , the val- 
ues obtained for example 1 should not be directly compared to those of examples 2-4, but nonetheless do in- 
dicate that a desirable combination of properties may be obtained for the inventive films. 

In comparative example 2 a VLDPE copolymer of ethylene and 1-butene (commercially available from Uni- 
on Carbide Corporation (UCC) of Danbury, Connecticut under the brand designation UCAR DFDA1137 Natural 

45 7) having a reported density of 0.905 g/cc and a melt index of 1 .0 was fed by hopper to a standard single screw 
extruder equipped with a standard 11/2 inch (3.81 cm) diameter annular die. The resin was heat plastif ied and 
extruded into a primary tube. This primary tube was then biaxially stretched according to a double bubble proc- 
ess and the resultant biaxially stretched film wound on a reel as described above for example 1. 

In comparative example 3, a VLDPE copolymer of ethylene and 1-hexene (available as an experimental 

so resin from UCC under the brand designation DEFD 1 569) having a reported density of 0.91 0 g/cc and a melt 
index of 1 .0 was made into a biaxially oriented film by an extrusion type double bubble process as described 
for examples 1-2. 

In example 4 of the invention, a VLDPE terpolymer of ethylene, 1-butene, and 1-hexene (an experimental 
resin provided by Union Carbide Corporation) having a reported density of 0.904 g/cm 3 , a melting point of about 
55 122°C, and a 0.71 dg/min melt index was made into a biaxially oriented film by the process as described for 
examples 1-2. The meltf low index is reported at 24.4 dg/min. and melt flow ratio at 34.2 and the Vicat softening 
point at 80.2°C. This resin of the invention as well as the comparative examples 2-3 above has a narrow mo- 
lecular weight distribution (less than 10). 
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In all of the examples 2-4 the following process conditions were utilized. The extruder barrel and die tem- 
peratures ranged from about 350-375°F (177-191°C). The machine direction (M.D.) orientation ratio was from 
about 4.1:1 to4.3:1 and the transverse direction (TD.) orientation ratio was from 4.0:1 to4.2:1. Draw point tem- 
perature, bubble cooling rates and orientation ratios were adjusted to maximize bubble stability. 

The average gauge of each film was measured by a method similar to ASTM D-2103 and various other 
physical properties measured by tests described above. These test results are reported in Table 1. 
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Referring to Table 1 , the dynamic puncture resistance test was performed on six samples for each example 
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and the averaged results reported. 

Surprisingly, the dynamic puncture resistance is significantly improved for the inventive biaxially oriented, 
heat shrinkable flexible film of example 4, comprising an ethylene, 1-butene, 1-hexene very low density poly- 
ethylene relative to similarly produced films of the ethylene, 1-butene VLDPE of comparative example 2 or the 
5 ethylene, 1-hexene VLDPE of comparative example 3. This higher puncture resistance for the biaxially stretch- 
ed C2C4C6 terpolymer film would not be expected or predicted from the results of comparative examples 2-3. 

Shrinkable poultry bags need to have sufficient shrinkage to conform the film to the irregular shape of a 
bird during and after packaging. Each film's unrestrained shrinkage at 90°C for 5 seconds was measured in 
both M.D. and T.D. directions and reported as a percentage of the original dimensions. An average shrinkage 
10 percent for four samples is reported. Examples 1 and 4 of the present invention show very good shrinkage 
values with over 20% shrinkage in the machine direction and over 30% shrinkage in the transverse direction. 

Use of shrinkable films to package goods including red meator poultry typically entails passage of the pack- 
aged goods through a shrink tunnel or other means to apply elevated temperatures to the film to induce shrink- 
age. Protuberances such as sharp bones or wing tips of birds may cause punctures during typical shrink 
15 procedures of packaging operations. The hot water puncture resistance test measures the resistance to punc- 
ture under conditions of elevated temperature. Typical shrink procedures expose products such as poultry or 
red meat to elevated temperatures for up to 6-8 seconds. Therefore, a minimum of 15-20 seconds resistance 
to puncture is desired at elevated temperature to provide a margin of safety to avoid the costs associated with 
defective packaging. Preferably, films suitable for packaging poultry will have an average hot water puncture 
20 value of at least about 60 seconds and most preferred are films having a hot water puncture resistance of 120 
seconds or more. As seen from the results in Table 1 , examples 1 and 4 of the present invention and comparative 
example 3 meet or exceed the preferred sixty second time interval of puncture resistance at elevated temper- 
ature. The comparative ethylene, 1-butene film of example 2 has an undesirably low value for hot water punc- 
ture resistance. 

25 Although not reported in Table 1 since tests were not run on the comparative films, the shrink force of the 
inventive film of example 4 was measured at 90°C to determine a film's ability to pull the wings of a processed 
bird in close to the body of the bird. The required force to do this is particularly high for turkeys. The residual 
force was also measured at room temperature after the film cooled. This residual force is very important to 
ensure a long lasting tight package. Relaxation of the film produces a poorer product appearance, increases 

30 the storage space requirements for packaged birds and also increases the likelihood that the packaging film 
may be torn or otherwise damaged. 

The inventive film of example 4 has a good M.D./T.D. shrink force of 1 1 0/145 gm/mil (43/57 kg/cm) at initial 
shrinking temperatures (90°C) and an acceptable residual force of 65/95 gm/mil (26/37 kg/cm) at room tem- 
perature for packaging items such as poultry. 

35 Since the films of the present invention are made from new ethylene, 1-butene, C 6 -C 8 alpha-olef in VLDPE 
terpolymer resins, and biaxially stretched film properties of these resins have not yet been taught in the art, 
those of ordinary skill in the art would not be able to predict with confidence the useful physical properties of 
the biaxially stretched heat shrinkable terpolymer VLDPE films of the present invention. Especially unpredict- 
able is the desirable combination of high shrinkage values and puncture resistance (particularly hot water punc- 

40 ture resistance) as demonstrated by the C^C^Ce films of examples 1 and 4. While methods have been previously 
disclosed in the art to make polyethylene terpolymers, the biaxially stretched film properties of ethylene, 1- 
butene, C 6 -C 8 alpha-olefin terpolymers such as ethylene, 1-butene, 1-hexene VLDPE terpolymers have re- 
mained unexplored. One of ordinary skill in the art would not expect to be able to accurately predict the prop- 
erties of these inventive terpolymers based upon knowledge of either two component copolymers of C2C4, or 

45 ethylene, C 6 -C 8 alpha-olefin, or be able to predict based upon other known terpolymers such as ethylene, pro- 
pylene, and ethylidene norbornene (See EP publication No. 120,503). 

Examples 5-8 

50 In examples 5-8, a series of monolayer films were made according to the process described above with 
respect to examples 1-4. 

Example 5 is a comparative example (not of the invention) of a VLDPE film comprising a copolymer of ethy- 
lene and 1-octene (commercially available from The Dow Chemical Company of Midland, Michigan under the 
brand designation Attane 4001) having a reported density of 0.912 g/cc and a 1.0 melt index. Examples 6-8 
55 are of the invention. 

Example 6 is a biaxially drawn film of the present invention comprising an ethylene, 1-butene, 1-hexene 
VLDPE terpolymer having a density of about 0.901 g/cm 3 , a melt index of 0.24 dg/min., a melt flow index of 
17.1 dg/min, and a melt flow ratio (MFR) of about 71. The crystalline melting point was measured at 118°C 
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using differentiaUcanning calorimetry, (DSC). This terpolymer composition had a broad molecular weight dis- 
tribution with a MJMn value of 10.5 reported. MJM n may be measured by size exclusion chromatography 
(ASTM 3593). This terpolymer resin was made with a reported 1-hexene: 1-butene monomer ratio of about 
3:1. 

5 Example 7 is a biaxially drawn film of the present invention comprising an ethylene, 1-butene, 1-hexene 

VLDPE terpolymer having a density of about 0.903 g/cm 3 a melt index of about 0.25, a melt flow index of about 
17.3 and a melt flow ratio of about 70. The crystalline melting point was measured at 121°C by DSC. This ter- 
polymer also has a broad molecular weight distribution (1 1 .9) which may be measured by size exclusion chro- 
matography. This terpolymer resin was made with a reported 1-hexene: 1-butene monomer ratio of about 3:1. 

10 Example 8 is a biaxially drawn film of the present invention comprising an ethylene, 1-butene, 1-hexene 

VLDPE terpolymer having a density of about 0.903 g/cm 3 , a melt index of about 0.26 dg/min a melt flow index 
of about 18.1 dg/min., and a melt flow ratio of about 69. The crystalline melting point was measured at 118°C 
by DSC. This terpolymer has a broad molecular weight distribution and was made with a reported 1-hexene: 
1-butene monomer ratio of about 1:1. The ethylene monomer content in forming the terpolymer resins of ex- 

15 amples 7, 8 and 9 was believed to exceed 80 weight percent. 

Physical properties were measured as with examples 1-4 and the results reported in Table 2. Reported 
test values in Table 2 are not directly comparable to those of Table 1 since orientation conditions varied slightly. 
In particular, for examples 5-8 the machine direction (M.D.) orientation ratio (draw ratio) was from 4.6:1 to 4.8:1 
and the transverse direction (T.D.) orientation ratio was from 3.7:1 to 3.8:1. 

20 Referring to Table 2, all films made from terpolymer resins according to the present invention (examples 

6-8) are shown to have very good dynamic puncture and hot water puncture resistance relative to commer- 
cialized films used in poultry bags. Typical values for commercial films are 3-6 cmkg for dynamic puncture re- 
sistance and 20-120 seconds for hot water puncture resistance for a single layer film of 2.25-2.5 mils (57-64 
microns) thickness. 

25 Example 5 is a comparative example of a VLDPE copolymer of ethylene and 1-octene which is a highly 

regarded resin currently used in commercial heat shrinkable packaging films. Octene monomer is generally 
more expensive than butene or hexene monomer and very low density polyethylene made from octene mono- 
mer generally has better puncture resistance properties than 1-butene based VLDPE. Also, known two com- 
ponent ethylene, 1-octene VLDPEs have lower maximum shrinkage values compared to either 1-butene based 

30 two component VLDPE or to the present invention. Higher shrinkage values contribute to improved package 
appearance. 

As seen from Table 2, the inventive biaxially stretched, heat shrinkable VLDPE terpolymers are superior 
to 1-octene based VLDPE in shrinkage values and machine direction shrink force. The inventive films and film 
of the comparative example all have excellent hot water puncture times and very good dynamic puncture val- 

35 ues. In particular, example 8 of the invention shows exceptionally good shrink which is greatly superior to the 
shrinkage values for comparative example 5 and at the same time has very good dynamic puncture resistance 
values and excellent hot water puncture resistance times. v ' 

The measured values of tensile strength, secant modulus and elongation at break indicate that the biaxially 
oriented, heat shrinkable flexible films made from VLDPE terpolymer according to the present invention are 

40 films having sufficient strength and flexibility for a variety of packaging applications including food packaging. 
Relative to the octene based two component VLDPE film of comparative example 6, the novel terpolymer 
VLDPE films all are easier to handle as indicated by their substantially lower secant modulus values while main- 
taining approximately equivalent tensile strength. In food packaging applications, bags made from softer films 
(lower secant modulus) are easier to gather and close by clipping means. 

45 However, films having a 1% secant modulus below 10,000 p.s.i. (69 MPa) tend to be too soft for ease of 
handling. Ideally, films will be soft enough to be easily manipulated in the packaging process e.g. for gathering 
and closing an open bag end, yet these films will also be hard enough to have sufficient body to be easily ma- 
nipulated and not be so soft as to be limp or clingy. Films with a 1% secant modulus between about 10,000 to 
40,000 p.s.i. (69-280 MPa) provide a desirable degree of softness which facilitates handling. 

so Table 2 further demonstrates that biaxially stretched, heat shrinkable C2C 4 C 6 terpolymer films of the pres- 
ent invention provide films having physical properties which are comparable to VLDPE film made from a higher 
monomer viz 1-octene. Moreover, it is believed without wishing to be bound by that belief that biaxially stretched, 
heat shrinkable f ilms made from terpolymer resins of ethylene, 1-butene, and a Ce-C 8 alpha-olef in such as ethy- 
lene, 1-butene 1-hexene VLDPE terpolymers having a low melt index have improved film properties for pack- 

55 aging applications relative to similar resins having a relatively high melt index of 1 .0 dg/min or higher. 

The low melt indices of the preferred terpolymers (including the especially preferred terpolymer of example 
1 ) necessitate that these resins have a higher melt flow index for processabiiity. The melt flow ratio (MFR) which 
is a ratio of the melt flow index to the melt index is a measure of the processabiiity of the suitable and preferred 
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terpolymer resins used in the films of the present invention. Advantageously, for ease of processability during 
film manufacture the melt flow ratio will be greater than 65 and preferably greater than 1 00. It is further believed 
that all of the terpolymer resins in examples 6, 7 and 8 were formed with an ethylene content of at least 85 
weight percent and with a 3:1 ratio of 1-hexene monomer to 1-butene monomer except for example 8 which is 
5 believed to have a 1:1 ratio of 1-hexene to 1-butene. 
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Examples 9-12 

The suitability of an ethylene, 1-butene, and a C r C 8 alpha-olefin VLDPE terpolymer in at least one layer 
of a biaxially stretched, heat shrinkable multilayer film for packaging fresh red meat or processed meat was 
5 examined. 

In examples 9-12, four multilayer films were coextruded and biaxially oriented according to a coextrusion 
type of double bubble process such as that described in U.S. 3,456,044 (Pahlke). This process was similar to 
that described above for examples 1-4 except that one extruder was used for each layer and the heat plastif ied 
resins from each extruder were introduced to a coextrusion die from which resins were coextruded in a first 

10 outer:core:second outer layer ratio of about 5:2:3. 

Examples 9-12 are three layered films. However, multilayer films of 2 or 4 or more layers are contemplated 
by the present invention. The inventive multilayer films may include tie or adhesive layers as well as layers to 
add or modify various properties of the desired film such as heat seaiability, toughness, abrasion resistance, 
puncture resistance, optical properties, gas or water barrier properties, and printability. These layers may be 

15 formed by any suitable method including coextrusion, extrusion coating, and lamination. 

In examples 9-12 the coextruded film was oriented as for examples 1-4 except as noted below. The ex- 
truder barrel temperatures for the core layer ranged from 280 to 290°F (138-143°C) and for the second outer 
layer ranged from about 325 to 335°F (163-168°C) and the first outer layer ranged from about 300 to 320°F 
(149-160°C). The coextrusion die temperature profile was set at about 275°F (135°C) to about 310°F (1 54°C). 

20 The M.D. orientation ratio was 4.0:1 to 4.5:1 and the T.D. orientation ratio was 3.9:1 to 4.7:1 for ail films. 

In all the examples 9-12, the extruded primary tube was wound on a reel and subsequently biaxially ori- 
ented following the Pahlke method. An interval of about one day occured between extrusion of the primary 
tube and biaxial orientation due to equipment availability. It is believed that this delay promoted crystallization 
in the primary tube thereby reducing shrinkage of the film. It is further contemplated that use of a process which 

25 is continuous from primary extrusion through biaxial orientation will provide increased shrink percentages for 
films which are otherwise similarly made. Those skilled in the art of manufacturing biaxially oriented films know 
of different and various processes for such manufacture and the present inventive films include biaxially ori- 
ented or stretched films regardless of the method used for their production. 

The average gauge and other physical properties were measured and are reported in Table 3. For ail the 

30 examples 9-12, the core layer comprised a 3:1 blend of commercially available vinylidene chloride-methyla- 
crylate copolymer and vinylidene chloride-vinyl chloride copolymer and the outer layer comprised a linear low 
density polyethylene (LLDPE). The core layer and second outer layer resins used in examples 1 0-12 were iden- 
tical to the resins used in example 9. All the VLDPEs used in examples 9-12 were mixed with 25% by weight 
of the total resin mixture for that layer of a commercially available ethylene vinyl acetate copolymer (1 0% vinyl 

35 acetate), and 4.4 weight percent of a 1.7% fluorocarbon elastomer in a LLDPE base processing aid such as 
that sold by Quantum Chemical Corp. under the brand name Nortech CM-1607. 

In another aspect of the invention, one or more layers having gas barrier properties may be incorporated 
into multilayer film as either an intermediate or surface layer or both. For example, ethylene vinyl alcohol co- 
polymer (EVOH), vinylidene chloride methacrylate copolymer, nylons such as nylon 6, or amorphous nylon, 

40 vinylidene chloride-vinyl chloride copolymer, acrylonitriles or other materials having oxygen barrier properties 
may be used in one or more layers such as the core layer. 

Example 9 is a comparative example not of the invention and comprised a first outer layer having an ex- 
perimental resin (provided by Union Carbide Corp. of Danbury, Connecticut) having a 1-butene VLDPE with a 
reported density of 0.905 g/cm 3 and a melt index of 0.25 dg/min. This resin has a reportedly broad molecular 

45 weight distribution. 

Example 10 is a comparative example (not of the invention). The coextruded multilayer film of example 
10 was similar in composition to example 9 except that the first outer layer was comprised of an experimental 
ethylene, 1-hexene VLDPE produced by Union Carbide Corporation of Danbury, Conn, having a reported den- 
sity of 0.905 g/cm 3 and a melt index of 0.25 dg/min. This resin reportedly has a broad molecular weight dis- 

50 tribution. This resin was blended with a processing aid and color concentrate as described for example 9. 

Example 11 is a comparative example (not of the invention). The coextruded multilayer film of example 11 
was similar in composition to example 9 except that the VLDPE of the first outer layer was comprised of a 1- 
octene VLDPE sold by Dow Chemical Co. of Midland, Michigan under the brand name Attane 4001. This is the 
same resin previously described in example 5. This resin reportedly has a narrow molecular weight distribution. 

55 Example 12 is an example of the present invention. The coextruded multilayer f ilm of example 1 2 was sim- 

ilar in composition to that of example 9 except that the VLDPE of the first outer layer comprised an ethylene, 
1-butene, 1-hexene VLDPE terpolymer according to the present invention. This VLDPE terpolymer resin used 
in example 12 is the same as that discussed in example 1 above and has a reported density of 0.905 g/cm 3 , 
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a Vicat softening point of 82.5°C, a melt index of 0.22 dg/min, a melt flow index of 24.7 dg/min, a MFR of about 
112 and a broad molecular weight distribution of 12.45. The melting point of this terpolymer resin was measured 
to be 121°C by differential scanning calorimetry. It is believed that this terpolymer resin was made with at least 
85% weight percent ethylene and a 3:1 ratio of 1-hexene to 1-butene. 
5 Example 12 demonstrates that a coextruded multilayer film having at least one layer comprising a terpo- 

lymer VLDPE of ethylene, 1-butene and a Ce-C 8 alpha-olef in may be made having useful properties for shrink 
packaging of, for example, fresh red meat In particular, multilayer films according to the present Invention may 
be usefully employed to package fresh red meat including primal and subprimal cuts as well as cheese or other 
food products. 

10 It is contemplated that additional resins may be added to the VLDPE terpolymer in accordance with the 

present invention in amounts of up to 50 weight percent or more. Indeed it is believed that minor amounts (less 
than 50 weight percent) or small amounts (less than 10 weight percent) of the disclosed VLDPE terpolymer 
may be usefully employed to modify or blend with other resins such as LLDPE, VLDPE, LDPE, HOPE, ionomer, 
EVA or polypropylene in forming useful biaxially oriented, heat shrinkable films according to the present inven- 
ts tion. The VLDPE terpolymer of the present invention may be utilized in one or more intermediate or surface 
layers or combination thereof in a multilayer film. 

Referring to Table 3, several properties of the inventive film of example 12 are compared to those for a 
film made with a commercial VLDPE resin such as that in example 11 having a narrow molecular weight dis- 
tribution that has gained wide acceptance in packaging films, and also to two experimental VLDPE resins both 
20 having a broad molecular weight distribution (examples 9 and 1 0). It is seen that the inventive biaxially oriented 
multilayer film of example 12 has very good dynamic puncture resistance and equivalent shrinkage and ac- 
ceptable hot water puncture times relative to the films of the comparative examples 9-11 . Also, the glossiness 
of the inventive multilayer film of example 1 3 compares favorably with the multilayer films of comparative ex- 
amples 9-11. 

25 

Examples 13-16 

The multilayer films of examples 9-12 were irradiated after orientation with 3.5 Mrad by electron beam ac- 
cording to methods well known in the art. The irradiated examples of 13-16 corresponds to unirradiated ex- 
30 amples 9-12. 

Physical properties of the irradiated multilayer films were tested and are reported in Table 3. The novel 
film of the present invention (example 16) showed very good to excellent puncture properties with dynamic 
puncture resistance as high or higher than butene, hexene, oroctene-based two component VLDPE copolymer 
films of examples 13-15. The dynamic puncture resistance value of the inventive film remained very good fol- 

35 lowing irradiation and the hot water puncture resistance times of all films were improved by irradiation to ex- 
cellent values. Hot water puncture for all multilayer films tested herein were conducted using a metal probe at 
95°C as described earlier. Use of a metal probe is a more strenuous test of puncture resistance. Irradiation 
usually reduces the shrinkage values, however the shrinkage values for the inventive film of example 16 are 
acceptable and compare favorably to the butene, hexene and octene comparative examples 1 3-1 5. The shrink- 

40 age values for the octene based VLDPE film of comparative example 15 are undesirably low for food packaging 
applications. 

Two additional tests were conducted on the irradiated films namely shrink force and impulse seal range. 
The shrink force was measured at elevated temperature and also the residual shrink force was examined. Both 
shrink force values of the inventive film were generally superior to those of comparison films. The impulse seal 

45 range for comparative example 14 was undesirably narrow. The inventive film had a good range comparable 
to comparative example 1 6 which utilized an octene based VLDPE widely used in biaxially oriented, heat shrink- 
able and sealable food packaging films. 

Examples 13-16 demonstrate that properties such as high temperature puncture resistance of the inventive 
multilayer films, may be improved by irradiation. It is further believed that the same may be improved for in- 

so ventive single layer films by either irradiation e.g. by an electron beam and/or chemical crosslinking according 
to known methods. Preferably, the entire film is irradiated after orientation. Alternatively, one or more single 
layers may be oriented and irradiated and optionally formed into a multilayer film by lamination processes with 
other irradiated or nonirradiated layers. A suitable irradiation dosage is irradiation up to 1 0 Mrad with irradiation 
from 1 to 5 Mrad preferred. Known irradiation procedures may be utilized. Various procedures are described 

55 in U.S. Patent 4,044,187. Irradiation is utilized to improve heat sealing characteristics. Excess irradiation may 
cause deleterious film discoloration and/or a reduction in shrinkage values. 

In another aspect of this invention, bags suitable for the shrink- packaging of food articles such as poultry, 
primal meat cuts, and processed meats are provided from the aforedescribed films. The bags are produced 
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from the monolayer and multilayer films of this invention by heat sealing. For instance, if the films of this in- 
vention are produced in the form of tubular film, bags can be produced therefrom by heat sealing one end of 
a length of the tubular film or by sealing both ends of the tube end, then slitting one edge to form the bag mouth. 
If the films of this invention are made in the form of flat sheets, bags can be formed therefrom by heat sealing 

5 three edges of two superimposed sheets of film. When carrying out the heat sealing operation, in one embodi- 
ment of the invention, the surfaces which are heat sealed to each other to form seams are the first outer layers 
of the multilayer films of the invention. Thus, for example, when forming a bag by heat sealing one edge of a 
length of a tubular film, the inner surface of the tube, i.e., the surface which will be heat sealed to itself, will be 
the first outer layer of the film. In other embodiments of the invention, the VLDPE terpolymer containing layer 

10 may be a core layer, a second outer layer or an intermediate layer. Also, the above noted VLDPE terpolymer 
of monomer (a) comprising ethylene, monomer (b) comprising a Ce-C 8 alpha-olef in and monomer (c) compris- 
ing 1-butene or 1-hexene, may be incorporated in one, two, three or more layers of a multilayer film. 

The voltage range for impulse sealing of film was also examined to determine the acceptable range for 
producing a seal of sufficient strength and integrity. In this test two four inch wide (T.D. direction) samples are 

15 cut from a tubular film. An impulse sealer equipped with coolant flow controls for impulse time, cooling time, 
seal bar, coolant flow and pressure was set at the following conditions: 
0.5 seconds impulse time (upper ribbon only) 
2.2 seconds cooling time 
50 p.s.i. (345 kPa)jaw pressure 

20 0.3 gallon per minute (1 liter per minute) cooling water flow 

One of the samples is folded in half for use in determining a minimum sealing voltage. This folding simulates 
folding which may inadvertently occur during conventional bag sealing operations. The folded sample which 
now has four layers is placed into the sealer and by trial and error the minimum voltage to seal the bottom two 
layers to each other is determined. 

25 The maximum voltage is then determined for the two layer sample by placing it in the sealer and then ac- 
tivating the seal bar. The film sample is manually pulled with about 0.5 pounds of force to induce seal burn- 
through. The maximum voltage which does not cause burn-through or significant distortion of the seal is de- 
termined. The minimum and maximum seal voltage are reported in Table 3. A broad impulse seal range as 
measured by the maximum and minimum voltage range is desirable for avoiding weak or noncontinuous seals 

30 and seal distortion and burn-through. A broad range allows for greater film variability and reduces the potential 
for operator error and further allows for greater flexibility in sealing operations. Referring to the examples, the 
inventive VLDPE terpolymer containing film has a suitable impulse seal range which is equivalent to that of 
comparative example 15 which utilized a commercially accepted octene based VLDPE resin. The impulse seal 
range of the butene based VLDPE containing comparative film of example 13 was also acceptable whereas 

35 the range for the hexene based VLDPE containing comparative film was undesirably narrow. 
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Further modifications of the invention disclosed will be apparent to those skilled in the art and all such mod- 
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if ications are deemed to be within the scope of the invention as defined by the following claims. 
Claims 

1. A biaxially stretched, heat shrinkable film comprising a terpolymer of monomers (a), (b) and (c), wherein 
monomer (a) comprises ethylene, monomer (b) comprises a Ce-C 8 alpha-olef in, and monomer (c) com- 
prises 1-butene or 1-hexene, wherein said terpolymer has a density less than 0.915 g/cm 3 . 

2. A film, as defined in claim 1, wherein said monomer (c) comprises 1-butene. 

3. A film, as defined in claim 1, wherein said monomer (c) comprises 1-hexene. 

4. A film, as defined in claim 2, wherein said C 6 -C 8 alpha-olef in comprises 1-hexene. 

5. A film, as defined in claim 1, wherein said C 6 -C 8 alpha-olef in comprises 4-methyl-1-pentene. 

6. A film, as defined in claim 1, wherein said C e -C 8 alpha-olef in comprises 1-octene. 

7. Af ilm, as defined in claim 1, wherein said terpolymer has a density between about 0.860 and 0.915 g/cm 3 

8. A film, as defined in claim 1, wherein said terpolymer has a density between about 0.900 and 0.910 g/cm 3 . 

9. A film, as defined in claim 1 , wherein said C 6 -C 8 alpha-olef in component of the terpolymer is present in 
a weight ratio of about 3:1 to 1 :1 of C 6 -C 8 alpha-olef in relative to monomer (c). 

10. Afilm, as defined in claim 2, wherein said alpha-olefin component of the terpolymer is present in a weight 
ratio of about 3:1 of alpha-olefin relative to 1-butene. 

11. Afilm, as defined in claimed 1, wherein said terpolymer has a melt index of about 0.25 g/10 mins. 

12. Afilm, as defined in claim 1, wherein said terpolymer has at least 80 weight percent polymer units derived 
from ethylene. 

13. Afilm, as defined in claim 1 , wherein said terpolymer has at least 85 weight percent polymer units derived 
from ethylene. 

14. A film, as defined in claim 1 , wherein said terpolymer has a melt index of less than about 1 .0 dg/min. 

15. A film, as defined in claim 1 , wherein said terpolymer has a melt flow ratio of at least 65. 

16. Afilm, as defined in claim 1, wherein said film has a maximum extractable portion of 5.5 percent by weight 
of polymer at 50°C in n-hexane for 2 hours. 

17. Afilm, as defined in claim 1 , wherein said film has a maximum extractable fraction of 2.6 percent by weight 
of polymer at 50°C in n-hexane for 2 hours. 

18. A film, as defined in claim 1 , wherein said terpolymer has a molecular weight distribution of at least 1 0. 

19. A film, as defined in claim 1, wherein said terpolymer has a molecular weight distribution of at least 12. 

20. A film, as defined in claim 1 , wherein said terpolymer has a Vicat softening point of at least 60°C. 

21. A film, as defined in claim 14, wherein said terpolymer has a melt flow ratio of at least 65. 

22. A film, as defined in claim 8, wherein said terpolymer has a melt index of less than about 1 .0 dg/min, at 
least 85 percent polymer units derived from ethylene, and has a molecular weight distribution greater than 

23. A film, as defined in claim 22, wherein said C 6 -C 8 alpha-olefin component of said terpolymer is present 
in a weight ratio of about 3:1 of C 6 -C 8 alpha-olefin relative to monomer (c). 

20 
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24. A film, as defined in claim 23. wherein said monomer (c) comprises 1-butene. 

25. Af ilm, as defined in claim 22, wherein said C 6 -C 8 alpha-olef in comprises 1-hexene and monomer (c) com- 
prises 1-butene. 

5 

26. Af ilm, as defined in claim 25, wherein said 1-hexene component of said terpolymer is present in a weight 
ratio of about 3:1 of 1-hexene relative to 1-butene. 

27. A film, as defined in claim 1, wherein said film has a shrinkage value of at least about 15 percent in at 
least one direction. 

10 

28. A film, as defined in claim 1 , wherein said film has a shrinkage value of at least about 1 5 percent in the 
machine direction and at least about 20 percent in the transverse direction. 

29. A film, as defined in claim 1 , wherein said film has a shrinkage value in the transverse direction of at least 
15 30 percent 

30. A film, as defined in claim 1 , wherein said film has a shrinkage value of at least 20 percent in the machine 
direction and at least 30 percent in the transverse direction. 

20 31. A film, as defined in claim 1, wherein said film has a shrinkage value of at least 20 percent in the machine 
direction. 

32. A film, as defined in claim 26, wherein said film has a shrinkage value of at least 20 percent in the machine 
direction and at least 30 percent in the transverse direction. 

25 33. A film, as defined in claim 1 , wherein said film forms a heat sealable, heat shrinkable bag. 

34. A film, as defined in claim 1, wherein said terpolymer has a crystalline melting point greater than about 
110°C. 

30 35. A film, as defined in claim 1, wherein said terpolymer has a crystalline melting point between about 11 5°C 
and 125°C. 

36. A film, as defined in claim 4, wherein said film has a puncture resistance greater than the puncture resis- 
tance of similarly made films comprising a two monomer component derived copolymer of ethylene and 

35 either 1-butene or 1-hexene. 

37. A film, as defined in claim 1, wherein said film is irradiated. 

38. A film, as defined in claim 1, further comprising at least one additional coextruded layer. 
40 39. A film, as defined in claim 1, further comprising at least one additional laminated layer. 

40. A film, as defined in claim 1, further comprising at least one additional extrusion coated layer. 

41. A multilayer, heat shrinkable, biaxial ly stretched film comprising a first layer of a terpolymer of monomers 
45 (a), (b) and (c) wherein monomer (a) comprises ethylene, monomer (b) comprises a Cg-C 8 alpha-olef in, 

and monomer (c) comprises 1-butene or 1-hexene, and said terpolymer having a density less than 0.915 
g/cm 3 ; a second polymeric layer; and a third layer having oxygen barrier properties. 

42. A multilayer film, as defined in claim 41, wherein said third layer having oxygen barrier properties is be- 
so tween at least two other layers of said film. 

43. A multilayer film, as defined in claim 41 , wherein said monomer (c) comprises 1-butene. 

44. A multilayer film, as defined in claim 41, wherein said monomer (c) comprises 1-hexene. 

55 45. A multilayer film, as defined in claim 42, wherein said C 6 -C 8 alpha-olef in comprises 1-hexene. 

46. A multilayer film, as defined in claim 41 , wherein said C 6 -C 8 alpha-olef in comprises 4-methyi-1-pentene. 
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47. A multilayer film, as defined in claim 41 , wherein said C 6 -C 8 alpha-olef in comprises 1-octene. 

48. A multilayer film, as defined in claim 41 , wherein said third layer comprises a blend of vinylidene chloride 
methylacrylate copolymer and vinylidene chloride-vinyl chloride copolymer. 

49. A multilayer film as defined in claim 41, wherein said third layer comprises vinylidene chloride-vinyl chlor- 
ide copolymer. 

50. A multilayer film, as defined in claim 41 , wherein said second polymeric layer comprises linear low density 
polyethylene, very low density polyethylene, low density polyethylene, high density polyethylene, ionomer, 
ethylene-vinyl acetate copolymer, nylon or mixtures thereof. 

51. A multilayer film, as defined in claim 41 , wherein said second polymeric layer is an outer layer of said film. 

52. A multilayer film, as defined in claim 41 , wherein said third oxygen barrier layer comprises vinylidene chlor- 
ide-methylacrylate copolymer. 

53. A multilayer film, as defined in claim 41, wherein said third oxygen barrier layer comprises an ethylene- 
vinyl alcohol copolymer. 

54. A multilayer film, as defined in claim 45, wherein said third layer comprises a blend of vinylidene chloride 
methylacrylate copolymer and vinylidene chloride-vinyl chloride copolymer. 

55. A multilayer film, as defined in claim 45, wherein said second layer is an outer layer comprising very low 
density polyethylene or linear low density polyethylene. 

56. A multilayer film, as defined in claim 41, wherein at least one layer of said film is irradiated. 

57. A multilayer film, as defined in claim 45, wherein all layers are irradiated. 

58. A multilayer film, as defined in claim 41 , wherein said film is coextruded or extrusion coated. 

59. A multilayer film, as defined in claim 41 , wherein said polymer has a crystalline melting point greater than 
about 110°C. 



60. A multilayer film, as defined in claim 41 , wherein said terpolymer has a crystalline melting point between 
about 115°C and 125°C. 

61. A multilayer film, as defined in claim 41, wherein said terpolymer has a Vicat softening point of at least 
60°C. 



Patentanspruche 

1. Biaxial gestreckte, aufschrumpfbare Feinfolie enthaltend ein Terpolymer der Monomeren (a), (b) und (c), 
dadurch gekennzeichnet, daR das Monomer (a) Ethylen, das Monomer (b) ein C 6 -C 8 alpha-Olefin, und 
das Monomer (c) 1-Buten oder 1-Hexen, enthalt, wobei dieses Terpolymer eine Dichte von weniger als 
0,915 g/cm 3 aufweist. 

2. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daft das Monomer (c) 1-Buten enthalt. 

3. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daR das Monomer (c) 1-Hexen enthalt. 

4. Feinfolie nach Anspruch 2, dadurch gekennzeichnet, daR das C 6 -C 8 alpha-Olefin 1-Hexen enthalt. 

5. Feinfolie nach Anspruch 1 , dadurch gekennzeichnet, daR das C 6 -C 8 alpha-Olefin 4- Methyl- 1-penten ent- 
halt. 

6. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daR das C e -C 8 alpha-Olefin 1-Octen enthalt 

7. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daR das Terpolymer eine Dichte zwischen etwa 
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0,860 und 0,915 g/cm 3 aufweist. 

8. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB das Terpolymer eine Dichte zwischen etwa 
0,900 bis 0,910 g/cm 3 aufweist. 

9. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB die Ce-C e alpha-Olefin Komponente des Ter- 
polymers in einem Gewichtsverhaltnis von etwa 3:1 bis 1:1 C 6 -C Q alpha-Olefin bezogen auf das Monomer 
(c), vorhanden ist. 

10. Feinfolie nach Anspruch 2, dadurch gekennzeichnet, dad die Ce-C 8 alpha-Olefin Komponente des Ter- 
polymers in einem Gewichtsverhaltnis von etwa 3:1 alpha-Olefin bezogen auf 1-Buten vorhanden ist 

11. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB das Terpolymer einen Schmelzfiub-lndex von 
etwa 0,25 g/10 min besitzt. 

15 12. Feinfolie nach Anspruch 1 , dadurch gekennzeichnet, dad das Terpolymer mindestens 80 Gew.% Polymer- 
einheiten abgeleitet von Ethylen enthalt 

13. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, dad das Terpolymer mindestens 85 Gew.% Polymer- 
einheiten abgeleitet von Ethylen enthalt. 

20 

14. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB das Terpolymer einen Schmelzflub-lndex von 
weniger als etwa 1 ,0 dg/min besitzt 

15. Feinfolie nach Anspruch 1 , dadurch gekennzeichnet, daft das Terpolymer eine Fliebfahigkeit von minde- 
stens 65 aufweist 

16. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daBdiese Feinfolie einen maximal ausziehbaren Teil 
von 5,5 Gew.% Polymer bei 50°C in n-Hexan in 2 Stunden hat 

17. Feinfolie nach Anspruch 1 , dadurch gekennzeichnet, dad diese Feinfolie eine maximal ausziehbare Frak- 
30 tion von 2,6 Gew.% Polymer bei 50°C in n-Hexan in 2 Stunden hat 

18. Feinfolie nach Anspruch 1 , dadurch gekennzeichnet, daB das Terpolymer eine Molekulargewichtsvertei- 
lung von mindestens 10 aufweist 

35 19. Feinfolie nach Anspruch 1 , dadurch gekennzeichnet, daB das Terpolymer eine Molekulargewichtsvertei- 
lung von mindestens 12 aufweist. 

20. Feinfolie nach Anspruch 1 , dadurch gekennzeichnet, daB das Terpolymer einen Vicat-Erweichungspunkt 
von mindestens 60°C aufweist 
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21. Feinfolie nach Anspruch 14, dadurch gekennzeichnet, daB das Terpolymer eine Fliebfahigkeit von min- 
destens 65 aufweist. 

22. Feinfolie nach Anspruch 8, dadurch gekennzeichnet, daB das Terpolymer einen Schmelzflub-lndex von 
weniger als etwa 1,0 dg/min, mindestens 85 % Polymereinheiten abgeleitet von Ethylen und eine Mole- 
kulargewichtsverteilung von grober als 10 aufweist 

23. Feinfolie nach Anspruch 22, dadurch gekennzeichnet, daB die C 6 -C 8 alpha-Olefin Komponente dieses 
Terpolymers in einem Gewichtsverhaltnis von etwa 3:1 C 6 -C 8 alpha-Olefin, bezogen auf das Monomer 
(c), vorhanden ist 

24. Feinfolie nach Anspruch 23, dadurch gekennzeichnet, daB das Monomer (c) 1-Buten enthalt 

25. Feinfolie nach Anspruch 22, dadurch gekennzeichnet, daB das C e -C 8 alpha-Olefin, 1-Hexen und das Mo- 
nomer (c) 1-Buten enthalt 

26. Feinfolie nach Anspruch 25, dadurch gekennzeichnet, daB die 1-Hexen Komponente des Terpolymers in 
einem Gewichtsverhaltnis von etwa 3:1, 1-Hexen bezogen auf 1-Buten vorhanden ist 
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27. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB diese Feinfolie einervSchrumpfwert von min- 
destens etwa 15 % in mindestens einer Richtung hat. 

28. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB diese Feinfolie einen Schrumpfwert von min- 
destens etwa 15 % in der Warenlaufrichtung und mindestens etwa von 20 % in der Querrichtung hat. 

29. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, dad diese Feinfolie einen Schrumpfwert von min- 
destens 30 % in der Querrichtung hat 

30. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB diese Feinfolie einen Schrumpfwert von min- 
destens 20 % in der Warenlaufrichtung und mindestens 30 % in der Querrichtung hat. 

31. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB diese Feinfolie einen Schrumpfwert von min- 
destens 20 % in der Warenlaufrichtung hat. 

32. Feinfolie nach Anspruch 26, dadurch gekennzeichnet, dad diese Feinfolie einen Schrumpfwert von min- 
destens 20 % in der Warenlaufrichtung und mindestens 30 % in der Querrichtung hat. 

33. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB diese Feinfolie einen heiB verschweiBten auf- 
schrumpfbaren Beutel bildet. 

34. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB das Terpolymer einen (kristallinen) Schmelz- 
punkt von groBer als etwa 110°C hat. 

35. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB das Terpolymer einen (kristallinen) Schmelz- 
punkt zwischen etwa 115°C und 125°C hat. 

36. Feinfolie nach Anspruch 4, dadurch gekennzeichnet, daB diese Feinfolie eine grobere Durchstobfestigkeit 
aufweist als die Durchstobfestigkeit von ahnlichen Feinfolien, die ein von zwei Monomer Komponenten 
abgeleiteten Copolymer von Ethylen und entweder 1-Buten oder 1-Hexen aufweisen. 

37. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB die Feinfolie bestrahlt ist. 

38. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB diese weiter mindestens eine zusatzliche ko- 
extrudierte Schicht enthalt 

39. Feinfolie nach Anspruch 1 , dadurch gekennzeichnet, daB diese weiter mindestens eine zusatzliche ein- 
zelne Schicht enthalt. 

40. Feinfolie nach Anspruch 1, dadurch gekennzeichnet, daB diese weiter mindestens eine zusatzliche ex- 
trusionsbeschichtete Schicht enthalt 

41. Mehrschichtige aufechrumpfbare, biaxial gestreckte Feinfolie enthaltend als erste Schicht ein Terpolymer 
der Monomeren (a), (b) und (c), worin das Monomer (a) Ethylen, Monomer (b) C 6 -C 8 alpha-Olefin und Mo- 
nomer (c) 1 -Buten Oder 1 -Hexen enthalt, wobei dieses Terpolymer eine Dichte von weniger als 0,91 5 g/cm 3 
aufweist; eine zweite Polymerschicht; und eine dritte Schicht, welche eine 
Sauerstoffsperrschichteigenschaft besitzt. 

42. Mehrschichtfolie nach Anspruch 41, dadurch gekennzeichnet, daB die dritte Schicht, welche 
Sauerstoffsperrschichteigenschaft besitzt, sich zwischen mindestens zwei anderen Schichten dieser Fo- 
lie befindet. 

43. Mehrschichtfolie nach Anspruch 41, dadurch gekennzeichnet, daB das Monomer (c) 1-Buten enthalt. 

44. Mehrschichtfolie nach Anspruch 41, dadurch gekennzeichnet, daB das Monomer (c) 1-Hexen enthalt 

45. Mehrschichtfolie nach Anspruch 42, dadurch gekennzeichnet, daB das C 6 -C 8 alpha-Olefin 1-Hexen ent- 
halt 

46. Mehrschichtfolie nach Anspruch 41, dadurch gekennzeichnet, daB das C e -C 8 alpha-Olefin 4-MethyM- 
penten enthalt 
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47. Mehrschichtfolie nach Anspruch 41, dadurch gekennzeichnet, daB das C 6 -C 8 alpha-Olefin 1-Octen ent- 
halt 

48. Mehrschichtfolie nach Anspruch 41, dadurch gekennzeichnet, dad die dritte Schicht eine Mischung von 
Vinylidenchlorid-Methylacrylat-Copolymer und Vinyl idenchlorid-Vinylchlorid-Copolymer enthalt 

49. Mehrschichtfolie nach Anspruch 41 , dadurch gekennzeichnet, daB die dritte Schicht ein Vinylidenchlorid- 
Vinylchlorid-Copolymer enthalt. 

50. Mehrschichtfolie nach Anspruch 41 , dadurch gekennzeichnet, dad die zweite Pol ymersch lent ein lineares 
Polyethylen niederer Dichte, ein Polyethylen mit sehr niederer Dichte, Polyethylen niederer Dichte, Poly- 
ethylen hoher Dichte, als lonomer, Ethylen-Vinylacetat-Copolymer, Nylon oder Mischungen davon enthalt. 

51. Mehrschichtfolie nach Anspruch 41 , dadurch gekennzeichnet, dad die zweite Polymerschicht eine Rand- 
schicht der Folie ist. 

52. Mehrschichtfolie nach Anspruch 41 , dadurch gekennzeichnet, dad die dritte Sauerstoffsperrschicht Viny- 
lidenchlorid-Methylacrylat-Copolymer enthalt 

53. Mehrschichtfolie nach Anspruch 41, dadurch gekennzeichnet, daB die dritte Sauerstoffsperrschicht ein 
20 Ethylen-Vinylalkohol-Copolymer enthalt 

54. Mehrschichtfolie nach Anspruch 45, dadurch gekennzeichnet, daft die dritte Schicht eine Mischung von 
Vinylidenchlorid-Memylacrylat-Copolymer und Vinylidenchlorid-Vinylchlorid-Copolymer enthalt 
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55. Mehrschichtfolie nach Anspruch 45, dadurch gekennzeichnet, dad die zweite Schicht eine Randschicht 
ist, welche Polyethylen sehr niederer Dichte Oder lineares Polyethylen niederer Dichte enthalt 

56. Mehrschichtfolie nach Anspruch 41 , dadurch gekennzeichnet, dad mindestens eine Schicht dieser Folie 
bestrahlt ist. 

30 57. Mehrschichtfolie nach Anspruch 45, dadurch gekennzeichnet, daB alle Schichten bestrahlt sind. 

58. Mehrschichtfolie nach Anspruch 41 , dadurch gekennzeichnet, daB diese Folie koextrudiert oder extrusi- 
onsbeschichtet ist. 

35 59. Mehrschichtfolie nach Anspruch 41 , dadurch gekennzeichnet, daB dieses Polymer einen (kristallinen) 
Schmelzpunkt von grober als etwa 110°C hat 

60. Mehrschichtfolie nach Anspruch 41, dadurch gekennzeichnet, daB das Terpolymer einen (kristallinen) 
Schmelzpunkt zwischen etwa 115°C und 125°C hat. 
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61. Mehrschichtfolie nach Anspruch 41, dadurch gekennzeichnet, daB das Terpolymer einen Vicat- 
Erweichungspunkt von mindestens 60°C hat. 



Revendications 

1. Film thermoretractable, a etirage biaxial, comprenant un terpolymere de monomeres (a), (b) et (c), dans 
lequel le monomere (a) consiste en ethylene, le monomere (b) consiste en une alpha-ol6f ine en C 6 a C 8 
et le monomere (c) consiste en 1-butene ou 1-hexene, ledit terpolymere ayant une masse volumique in- 
ferieure a 0,915 g/cm 3 . 



2. Film suivant la revendication 1, dans lequel le monomere (c) consiste en 1-butene. 

3. Film suivant la revendication 1 , dans lequel le monomere (c) consiste en 1-hexene. 

55 4. Film suivant la revendication 2, dans lequel I'alpha-olefine en Ce a C 8 consiste en 1-hexene. 

5. Film suivant la revendication 1, dans lequel I'alpha-olefine en Cg a C 8 consiste en 4-methyl-1-pentene. 
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6. Film suivant la revendication 1, dans lequel I'alpha-olefine en Ce a C 8 consists en 1-octene. 

7. Film suivant la revendication 1 , dans lequel le terpolymere possede une masse volumique d'environ 0,860 
a0,915g/cm 3 . 

8. Film suivant la revendication 1 , dans lequel le terpolymere possede une masse volumique d'environ 0,900 
a0,910g/cm 3 . 

9. Film suivant la revendication 1, dans lequel le constituant alpha-olefinique en C 6 a C 8 du terpolymere est 
present en un rapport ponderal d'environ 3:1 a 1:1 de I'alpha-olefine en C 6 a C 8 au monomere (c). 

10. Film suivant la revendication 2, dans lequel le constituant alpha-ol6f inique du terpolymere est present en 
un rapport ponderal d'environ 3:1 de I'alpha-olefine au 1-butene. 

11. Film suivant la revendication 1, dans lequel le terpolymere possede un indice de fluidite d'environ 0,25 
g/1 0 minutes. 

12. Film suivant la revendication 1, dans lequel le terpolymere possede au moins 80 % en poids de motifs 
poiymeriques derives de ('ethylene. 

13. Film suivant la revendication 1 f dans lequel le terpolymere possede au moins 85 % en poids de motifs . 
poiymeriques derives de I'ethylene. 

14. Film suivant la revendication 1 , dans lequel le terpolymere possede un indice de fluidite inferieur a environ 
1 ,0 dg/min. 

15. Film suivant la revendication 1, dans lequel le terpolymere possede un rapport ecoulement-fluidite d'au 
moins 65. 

16. Film suivant la revendication 1, qui possede une portion extractive maximale de 5,5 % en poids de po- 
lymere a 50°C dans le n-hexane en un temps de 2 heures. 

17. Film suivant la revendication 1, qui possede une fraction extractive maximale de 2,6 % en poids en po- 
lymere a 50°C dans le n-hexane en un temps de 2 heures. 

18. Film suivant la revendication 1 , dans lequel le terpolymere possede une distribution des poids moleculai- 
res d'au moins 10. 

19. Film suivant la revendication 1, dans lequel le terpolymere possede une distribution des poids moleculai- 
resd'au moins 12. 

20. Film suivant la revendication 1 , dans lequel le terpolymere possede un point de ramollissement Vicat d'au 
moins 60°C. 

21. Film suivant la revendication 14, dans lequel le terpolymere possede un rapport ecoulement-fluidite d'au 
moins 65. 

22. Film suivant la revendication 8, dans lequel le terpolymere possede un indice de fluidite inferieur a environ 
1 ,0 dg/min, au moins 85 % de motifs poiymeriques derives de I'ethylene et une distribution des poids mo- 
leculaires superieure a 10. 

23. Film suivant la revendication 22, dans lequel le constituant alpha-olefinique en C 6 a C 8 du terpolymere 
est present en un rapport ponderal d'environ 3:1 de I'alpha-olefine en C 6 a C 8 au monomere (c). 

24. Film suivant la revendication 23, dans lequel le monomere (c) consiste en 1-butene. 

25. Film suivant la revendication 22, dans lequel I'alpha-olefine en C 6 a C 8 consiste en 1-hexene et le mono- 
mere (c) consiste en 1-butene. 

26. Film suivant la revendication 25, dans lequel le 1-hexene entrant dans la constitution du terpolymere est 
present en un rapport ponderal d'environ 3:1 du 1-hexene au 1-butene. 
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27. Filmsuivantlarevendication 1 , qui possedeun indice de retraction d'au moins environ 15%dansaumoins 
une direction. 

28. Film suivant la revendication 1, qui possede un indice de retraction d'au moins environ 15 % dans la di- 
rection machine et d'au moins environ 20 % dans la direction transversale. 

29. Film suivant la revendication 1, qui possede un Indice de retraction dans la direction transversale d'au 
moins 30 %. 

30. Film suivant la revendication 1 , qui possede un indice de retraction d'au moins 20 % dans la direction ma- 
chine et d'au moins 30 % dans la direction transversale. 

31. Film suivant la revendication 1 , qui possede un indice de retraction d'au moins 20 % dans la direction ma- 
chine. 

15 32. Film suivant la revendication 26, qui possede un indice de retraction d'au moins 20 % dans la direction 
machine et d'au moins 30 % dans la direction transversale. 

33. Film suivant la revendication 1 , qui forme un sac thermosoudable et thermoretractable. 

20 34. Film suivant la revendication 1 , dans lequel le terpolymere possede un point de fusion cristalline superieur 
a environ 110°C. 

35. Film suivant la revendication 1 , dans lequel le terpolymere possede un point de fusion cristalline d'environ 
115°Ca 125°C. 

25 36. Film suivant la revendication 4, qui possede une resistance a la perforation sup6rieure a la resistance a 
la perforation de films produits de maniere similaire comprenant un constituant a deux monomeres qui 
est un copolymere d'ethylene et de 1-butene ou de 1-hexene. 

37. Film suivant la revendication 1, qui est irradie. 

38. Film suivant la revendication 1 , comprenant en outre au moins une couche co-extrud6e supplementaire. 

39. Film suivant la revendication 1, comprenant en outre au moins une couche stratifies supplementaire. 

35 40. Film suivant la revendication 1 , comprenant au moins une couche supplementaire de revetement par ex- 
trusion. 

41. Film multicouche thermoretractable, a etirage biaxial, comprenant une premiere couche d'un terpolymere 
de monomeres (a), (b) et (c), dans lequel le monomere (a) consiste en ethylene, le monomere (b) cons is te 
en une alpha-olef ine en C 6 a C 8 et le monomere (c) consiste en 1-butene ou 1-hexene, ledit terpolymere 
ayant une masse volumique inferieure a 0,915 g/cm 3 ; une deuxieme couche polymerique ; et une troi- 
sieme couche ayant des proprietes d'arr£t de I'oxygene. 
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42. Film multicouche suivant la revendication 41 , dans lequel la troisieme couche ayant des proprietes d'arrdt 
de I'oxygene est situee entre au moins deux autres couches duditfilm. 



43. Film multicouche suivant la revendication 41, dans lequel le monomere (c) consiste en 1-butene. 

44. Film multicouche suivant la revendication 41, dans lequel le monomere (c) consiste en 1-hexene. 

so 45. Film multicouche suivant la revendication 42, dans lequel I'alpha-olef ine en C 6 a C 8 consiste en 1 -hexene. 

46. Film multicouche suivant la revendication 41 , dans lequel I'alpha-olef ine en C 6 a C 8 consiste en 4-methyl- 
1-pentene. 
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47. Film multicouche suivant la revendication 41 , dans lequel I'alpha-olef ine en C 6 a C 8 consiste en 1-octene. 

48. Film multicouche suivant la revendication 41 , dans lequel la troisieme couche comprend un melange d'un 
copolymere chlorure de vinyl idene-acrylate de methyle et d'un copolymere chlorure de vinylidene-chlo- 
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rure de vinyle. 

49. Film multicouche suivant la revendication 41 , dans lequel la troisieme couche comprend un copolymere 
chlorure de vinylidene-chlorure de vinyle. 

50. Film multicouche suivant la revendication 41 , dans lequel la deuxieme couche polymerique comprend un 
polyethylene lineaire basse densite, un polyethylene tres basse densite, un polyethylene basse densit6, 
un polyethylene haute densite, un ionomere, un copolymere ethyl ene-acetate de vinyle, un Nylon ou un 
de leurs melanges. 

51. Film multicouche suivant la revendication 41 , dans lequel la deuxieme couche polymerique estune couche 
exterieure dudit film. 

52. Film multicouche suivant la revendication 41, dans lequel la troisieme couche d'arret de I'oxygene 
comprend un copolymere chlorure de vinyl idene-acryl ate de methyle. 

53. Film multicouche suivant la revendication 41, dans lequel la troisieme couche d'arret de I'oxygene 
comprend un copolymere ethylene-alcool vlnylique. 

54. Film multicouche suivant la revendication 45, dans lequel la troisieme couche comprend un melange d'un 
copolymere chlorure de vinyl idene-acrylate de methyle et d'un copolymere chlorure de vinylidene-chlo- 
rure de vinyle. 

55. Film multicouche suivant la revendication 45, dans lequel la deuxieme couche est une couche exterieure 
comprenant un polyethylene tres basse densite ou un polyethylene lineaire basse densite. 

56. Film multicouche suivant la revendication 41 , dans lequel au moins une couche dudit film est irradiee. 

57. Film multicouche suivant la revendication 45, dans lequel toutes les couches sont irradiees. 

58. Film multicouche suivant la revendication 41 , qui est forme par co-extrusion ou revStement par extrusion. 

59. Film multicouche suivant la revendication 41 , dans lequel le polymere possede un point de fusion cristal- 
line superieur a environ 110°C. 

60. Film multicouche suivant la revendication 41 , dans lequel le terpolymere possede un point de fusion cris- 
talline d'environ 115°C a 125°C. 

61. Film multicouche suivant la revendication 41 , dans lequel le terpolymere possede un point de ramollisse- 
ment Vicat d'au moins 60°C. 
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